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To evaluate scar-type and matrix connective tissue and to assess 
their role in the diastolic dysfunction of hypertrophic cardiomy-
opathy, surgically resected subaortic myectomy specimens and 
several autopsy hearts from patients with hypertrophic cardiomy-
opathy were studied. Eighteen specimens were differentially 
stained by a newly developed method that precisely determines 
relative collagen content; these tissues were compared with post-
mortem hypertrophied and normal control subaortic specimens. 
Quantitation revealed a 72% higher level (36.5 vs. 22.1 pg 
collagen/mg protein) of stainable collagen in the hearts with 
hypertrophic cardiomyopathy than in hypertrophied control 
hearts. The endocardial plaque was quantitated morphometri-
cally, and it constituted only 4.6 ± 1.7% of the total increased 
collagen content in the cardiomyopathy specimens. For the matrix 
Hypertrophic cardiomyopathy is a clinical and pathologic 
disorder with variable manifestations. Regardless of the 
clinical features, one generally accepted morphologic char-
acteristic is the presence of symmetric or asymmetric left 
ventricular hypertrophy 0-3). Hemodynamically, the con-
dition may be associated with systolic abnormalities typified 
by obstruction to ventricular outflow, and with diastolic 
abnormalities including increased chamber stiffness and im-
paired relaxation (1-3). Although systolic dysfunction with 
subaortic stenosis and anterior motion of the mitral valve has 
received the major emphasis (4) since the disease was first 
described> 30 years ago, it appears that only a minority of 
affected persons have these conditions (2,3). Diastolic per-
turbations now appear to be the major causes of the clinical 
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studies, the cardiomyopathy specimens were stained by a silver 
impregnation technique that identifies connective tissue elements 
not normally visible with routine histologic methods. There was a 
marked increase in content of all matrix components, both in 
areas of pathologic scarring and in "normal" zones. Whorls of 
matrix connective tissue were noted in regions of myocyte whorls, 
as well as independent of them. 
Thus, these studies revealed a striking increase of both scar-
type and matrix connective tissue in hypertrophic cardiomyopa-
thy. The extensive scarring and the pronounced interstitial and 
intercellular matrix connective tissue may contribute to the in-
creased ventricular chamber stiffness and impaired relaxation in 
this disease. 
(J Am Coll CardioI1991;17:1343-51) 
manifestations of this disease (2,3). Nevertheless, little is 
known about the origin of the reduced diastolic compliance 
in this condition. 
One possible cause of the stiff heart in hypertrophic 
cardiomyopathy is the increased amount of connective tis-
sue associated with the markedly hypertrophied and disor-
ganized myocytes observed morphologically. Isner et al. (5) 
and Tazelaar et al. (6) found that approximately 75% of 
operative myectomy specimens show fibrosis. Additionally, 
morphometric techniques have been used to show that 
fibrous tissue may constitute 10.5% (7) to 19% (8) of the 
muscle mass quantitated. These investigations indicate that 
pathologic fibrosis is increased, but neither study provides a 
precise measurement of its amount or reveals any informa-
tion about its disposition. Finally, no study has examined the 
connective tissue matrix in this condition, although it has 
been shown (9-11) that other forms of experimental or 
clinical myocardial hypertrophy are associated with matrix 
alterations. The matrix represents the pericellular, intersti-
tial and fascicular connective tissue that serves as a skeletal 
framework in the myocardium 02-14), contributes to normal 
cardiac function 05,16) and may lead to cardiac dysfunction 
when altered 07-19). In contrast to pathologic fibrosis, 
matrix components can be visualized histologically only by 
specialized techniques. 
We evaluated both pathologic fibrosis and matrix connec-
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tive tissue in hypertrophic cardiomyopathy. We used a 
precise, newly described method to quantitate connective 
tissue in histologic sections, and we used techniques devel-
oped in our laboratory to evaluate the myocardial matrix. 
These studies were carried out concurrently on surgically 
resected septal myectomy specimens from patients with 
clinically defined symptomatic hypertrophic cardiomyopa-
thy; the findings were compared with those in two control 
groups consisting of normal and hypertrophied postmortem 
hearts. 
Methods 
Hearts with hypertrophic cardiomyopathy. Eighteen sur-
gically resected sub aortic myectomy specimens were ob-
tained from the University of Toronto. The patients had 
been investigated, followed up and treated by one of us 
(E.D.W.) for symptomatic muscular subaortic stenosis. 
They had undergone surgical resection of the left ventricular 
septal subaortic myocardium, performed in 1987 (by 
W. C. W.). Specimens were fixed in 10% buffered formalin 
and stored until used for this study. Portions of the tissue 
had been processed previously for routine pathologic exam-
ination at the University of Toronto. Two specimens con-
sisted almost entirely of scar tissue and were eliminated. 
Two additional specimens were obtained from the sub-
aortic ventricular septum of two autopsy cases obtained 
from the medical examiner's office (by S.M. F.). Both hearts 
weighed approximately 1,000 g and showed classic features 
of hypertrophic cardiomyopathy including asymmetric sep-
tal hypertrophy, a septal endocardial contact plaque and 
fibrous thickening of the anterior leaflet of the mitral valve. 
The hearts were from persons with no history of cardiac 
disease who died suddenly and unexpectedly. Septal myec-
tomy specimens were removed from these two hearts, with 
sharp dissection from the region below the endocardial 
contact plaque, and were approximately the same size as the 
surgically resected muscle (1 to 2 cm2) available for this 
study. The mean age of these 18 patients was 49.8 years; 14 
were male. 
Hypertrophied control hearts. Ten subaortic septal spec-
imens were selected from hypertrophied hearts weighing 
>400 g that were stored in 10% buffered formalin after 
completion of autopsy in 1987 and 1988. Two cardiomyo-
pathic hearts were from patients with hypertension and 
diabetes mellitus, five were from patients with acquired 
immunodeficiency syndrome (AIDS) and AIDS cardiomyop-
athy and three were from patients with systemic hyperten-
sion. None of these patients had clinical or pathologic 
features of hypertrophic cardiomyopathy. The mean weight 
of the 10 hearts was 523 g. The mean age of the 10 patients 
(8 men and 2 women) was 47.3 years. The subaortic myo-
cardial specimen was removed by sharp dissection and was 
approximately 1 to 2 cm2. 
"Normal" nonhypertrophied control hearts. Subaortic 
septal myocardial specimens were removed from seven 
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nonhypertrophied autopsy hearts, as before. The seven 
hearts each weighed <400 g (mean 309). Diagnoses included 
AIDS in four patients, sudden death presumed to be arrhyth-
mic in one patient and nonspecific conditions in two patients. 
The mean age of this group (six men and one woman) was 
44.4 years. Although these hearts were selected because of 
their relatively low weight and absence of overt cardiovas-
cular pathologic characteristics, such specimens may not be 
entirely normal with regard to connective tissue composi-
tion. 
Quantitative collagen and total protein determinations. 
We used a recently described method (20) that provides a 
quantitative and sensitive measure of collagen and total 
protein content in formalin-fixed and paraffin-embedded 
tissue sections. This method utilizes the selective binding of 
Sirius red F3BA to collagen and fast green FCF to non col-
lagenous protein when both are dissolved in aqueous satu-
rated picric acid. When the dyes are eluted from the tissue 
sections with sodium hydroxide (NaOH)-methanol, the ab-
sorbances of both are obtained at 540 and 605 nm, respec-
tively. By using color equivalences determined and verified 
previously with multiple tissue samples (20), the absor-
bances provide a relative measure of the collagen/protein 
ratio in any given section. Because determination of collagen 
is relative to the protein concentration for each tissue section 
analyzed, the thickness or the area of the histologic prepa-
ration is not a significant variable. 
The subaortic myocardial specimens from both surgical 
resections and autopsy hearts were embedded in paraffin 
with standard histologic methods, and 6 pm sections were 
prepared. Sections were stained with both dyes as described 
(20), and the color was eluted from the tissue with NaOH in 
absolute methanol. The eluted color was read immediately in 
a Beckman 35 spectrophotometer at 540 and 605 nm. Two 
serial sections were analyzed from each specimen. 
Endocardial fibrous plaque determination. Because the 
quantitative collagen determination from the tissue sections, 
as described earlier, includes endocardial fibrous contact 
plaque by necessity, we elected to quantitate this component 
of the total collagen separately to correct for overestimation 
of collagen immediately adjacent to and potentially affecting 
myocytes. Trichrome-stained sections of the same tissue 
used for Sirius red elution were examined at lOx magnifica-
tion with an integrated computerized digitizing unit (Kon-
tron-Zeiss Videoplan 11). A point source of light was re-
flected onto the tissue sections through a drawing tube. By 
moving the point light source over a digitizing tablet, the 
total tissue area and the area represented by the endocardial 
plaque were measured. The percent of endocardial plaque 
area to total area was determined from the two measure-
ments x 100. 
Matrix silver impregnation and histology. The myocardial 
interstitial matrix connective tissue is relatively invisible 
with routine histologic staining procedures, even with stains 
such as Masson's trichrome that bind to collagen fibers. We 
used a modification of a silver impregnation method orig-
lACC Vol. 17, No.6 
May 1991:1343-51 
inally described by Del Rio Hortega (21) for central nervous 
system histology, This technique used thick (80 to 120 pm) 
cryostat sections of formalin-fixed tissue that is impregnated 
throughout the section with silver. The silver binds selec-
tively to several different components of the connective 
tissue matrix previously described by Caulfield and Borg (22) 
and Factor et aL (12-14), among others, These components 
include struts that interconnect the lateral surfaces of myo-
cytes; weaves that encircle the sarcolemma of individual 
myocytes as a mesh or grid; and perimysial coils that course 
as variably thick springlike structures in the interstitium 
between myocytes and are connected to them and to each 
other by struts, Thus, cardiac muscle has a complex con-
nective tissue matrix between and around individual myo-
cytes; in addition, similar matrix components are iterated in 
ever increasing complexity around larger groups of myo-
cytes (fascicles) and myocardial layers, 
Because tissues impregnated with silver cannot be quan-
titated easily because of the complexity of the matrix com-
ponents and the thickness of the section, the stained sections 
were evaluated qualitatively and photographed for compar-
ison with the same tissues processed with hematoxylin-eosin 
and with Masson's trichrome stains, Regions of trichrome-
positive fibrosis may appear nonimpregnated with silver, 
particularly in areas where collagen is normally present 
(e.g., endocardium, valve anulus and tip of papillary mus-
cle); in regions of pathologic trichrome-positive scarring 
within the myocardium (interstitial, perivascular and re-
placement fibrosis), these zones generally are impregnated 
with silver secondary to collapse and condensation of the 
matrix components. 
Tissues were evaluated for pathologic scarring and its 
location with trichrome stain. Adjacent serial sections were 
quantitated with the Sirius red and Fast green elution tech-
nique described earlier, which provides a determination of 
the amount of stainable collagen in the tissue relative to the 
amount of muscle protein. Although matrix components 
impregnated with silver are included in this determination, 
the quantitative method does not measure all of the matrix 
present in nonfibrotic areas. In addition, the quantitative 
method does not indicate the distribution of the collagen in 
the tissue. 
Statistics. All quantitative data are expressed as mean 
values ± SD. Differences between groups were calculated 
with Student's t test. Differences with a p value < 0.05 were 
considered significant. 
Results 
Histology 
Hypertrophic cardiomyopathy. The hypertrophic cardio-
myopathy specimens showed changes characteristic of the 
condition as it generally affects the left ventricular septal 
outflow tract. The endocardium was either diffusely or 
focally thickened by a fibrous plaque consistent with a 
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Figure 1. Diffuse endocardial (E) thickening (between the two ar-
rows) consistent with a septal contact lesion or fibrotic plaque. The 
underlying myocardium is hypertrophied, and there is only minimal 
fibrosis (Masson's trichrome X150), 
contact lesion (Fig. 1). The subendocardial myocardium and 
the portions of the midwall myocardium included with the 
specimens showed marked hypertrophy, apparent both in 
transverse and in longitudinal sections of fibers. Myocyte 
nuclei were enlarged, hyperchromatic and often irregular in 
contour. Focal myocyte disarray, or whorls, was observed, 
usually in association with pathologic fibrosis (Fig. 2). Areas 
of interstitial, perivascular and replacement fibrosis were 
seen in virtually all specimens (Fig. 3). The replacement 
scarring generally consisted of small discrete foci, although 
occasional multifocal, confluent zones were observed in the 
subendocardium. Fibrosis appeared to be more prevalent in 
the subendocardium than in the deeper tissues, and was 
often noted to extend directly from the endocardial fibrous 
plaque to surround individual myocytes with interstitial 
connective tissue. In many specimens, regions of myocar-
dium stained with trichrome showed only a minimal increase 
in interstitial fibrosis, often immediately adjacent to regions 
of obvious connective tissue increase. 
Control hearts. Histologic study of the hypertrophied 
(>400 g) and nonhypertrophied «400 g) control myocardial 
specimens revealed variable myocyte hypertrophy in the 
former, and focal interstital and replacement fibrosis in both 
groups. Fibrous endocardial plaques were not seen, although 
1346 FACTOR ET AL. 
FIBROSIS AND MATRIX IN CARDIOMYOPATHY 
Figure 2. Myocyte disarray consistent with a whorl (W) is seen in 
the center of the field associated with focal perivascular and fine 
interstitial fibrosis (arrows). The blood vessel at the lower right 
(arrow) is sclerotic (hematoxylin-eosin x 150). 
the hypertrophied hearts had mild endocardial thickening. 
No myocyte whorls were seen in either group. 
Quantitative Collagen Determinations 
Collagen content. The data from the Sirius red and Fast 
green elution studies are summarized in Table I. Collagen 
content in the septal myocardial specimens relative to 
noncollagenous protein was significantly increased (p < 
0.01) in the hypertrophic cardiomyopathy specimens com-
pared with that in either hypertrophied or nonhypertrophied 
control hearts. This finding confirmed the subjective evalu-
ation of the same tissues stained with trichrome. The abso-
lute increase in collagen in these tissues may have been even 
greater than was apparent with the relative analysis. since 
the degree of myocyte hypertrophy was more pronounced in 
the hypertrophic cardiomyopathy group than in the two 
control groups. There were no differences in relative colla-
gen content between the two control groups. 
Endocardial contact plaque. Ten of the 18 specimens had 
prominent fibrous thickening of the endocardium consistent 
with a contact plaque. In the eight specimens without this 
lesion, no endocardium was seen in the specimen; we could 
not determine if its absence was due to the nature of the 
lACC Vol. 17, No.6 
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Figure 3. Diffuse interstitial fibrosis (lighter stained tissue) surrounds 
virtually every transversely sectioned myocyte in this field (Mas-
son's trichrome x 150). 
surgical procedure or to prior submission of that portion of 
the tissue containing endocardium to the surgical pathology 
laboratory. Morphometric quanti tat ion of the endocardial 
contact plaque relative to the remaining tissue in the 10 
affected specimens revealed that it constituted 4.6 ± 1.7% of 
the total area. The plaque contained relatively homogeneous 
trichrome positive fibrous tissue; therefore, the quantitative 
determinations of collagen for all 10 specimens may be 
overstated by approximately 5%. When the collagen content 
relative to noncollagenous protein in Table I was corrected 
by 5% (even for the eight specimens without endocardium, 
because some of the connective tissue in the superficial 
portion of these specimens may have been derived from 
Table 1. Collagen Determinations in Hearts With Hypertrophic 
Cardiomyopathy and in Hypertrophied and Nonhypertrophied 
Control Hearts 
Hearts 
Hypertrophic cardiomyopathy 
(n = 18) 
Hypertrophied control (n = 10) 
Nonhypertrophied control (n = 7) 
JIg Collagen/mg Protein* 
36.5 ± 14.2t 
22.1 ± 6.3 
19.2 ± 3.7 
*Mean of two determinations. tSignificantly different from either of the 
control groups at p < 0.01. 
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endocardium), the differences between the hypertrophic 
cardiomyopathy group and the two control groups were still 
highly significant (p < 0,01). 
Range of increased collagen content. The marked increase 
of collagen content in the hypertrophic cardiomyopathy 
specimens (36.5 ± 14.2 J.Lg collagen/mg protein) showed a 
broad range of values, accounting for the large standard 
deviation. Four of the 18 specimens had <20 J.Lg collagen/mg 
protein, comparable to values in the control groups; how-
ever, 9 specimens (50%) had levels >40 J.Lg/mg. The group 
mean of 36.5 J.Lg/mg was greater than that in any similar 
analysis we have carried out in animal or human cardiomy-
opathy or hypertrophied specimens (e.g., van Hoeven KH, 
Factor SM, unpublished observations, 1989; in a series of25 
human hypertensive diabetic hearts weighing a mean of 
591 g, the collagen content was 23.7 ± 7.5 J.Lg/mg). 
Matrix Connective Tissue 
The silver-impregnated hypertrophic cardiomyopathy 
specimens showed marked increases in all components 
(struts, weaves and coils) of the matrix, as well as evidence 
of matrix disorganization. Matrix condensation was appre-
ciated in areas of interstitial, replacement and perivascular 
scarring that stained with trichrome (see later). Other areas 
without matrix condensation could still be recognized as 
fibrotic in the silver-impregnated sections, because scars 
were counterstained with the gold toning used in the Del Rio 
Hortega method. Thus , the endocardial plaques and some 
regions of perivascular fibrosis could be identified in these 
tissues, without direct comparison with the trichrome-
stained sections. 
Increased pericellular weave fibers. The most striking 
feature was the marked increase of pericellular weave fibers, 
most apparent in transversely sectioned myocytes beneath 
the endocardial surface (Fig. 4). Myocytes were encased in a 
dense weave of connective tissue that appeared to bind each 
fiber to its neighbors, as if they were arranged within the 
mosaic chambers of a beehive (Fig. 5). The investing net-
work of weave fibers was directly continuous with those of 
surrounding cells, or was connected to them by struts. 
Weaves were also increased around the longitudinally ori-
ented myocytes, but focusing through the depth of the tissue 
was required to visualize their circumferential extent, mak-
ing microphotography difficult. The increased weave was 
present in regions of trichrome positive interstitial fibrosis , 
as well as in unaffected areas. 
Struts or strutlike connections. These were increased 
immediately beneath the endocardial plaques, where they 
served to tether myocytes to the surface fibrosis (Fig. 6). 
They were also noted peripheral to regions of perivascular 
fibrosis and replacement scarring, where they extended from 
the scar tissue to the surrounding myocytes (Fig. 7). In-
creased myocyte to myocyte tethering by thicker struts or 
more strut connections could not be determined in this study 
because of the limited tissue available and because struts 
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Figure 4. Dense matrix connective tissue (darkly stained), repre-
senting condensed and increased pericellular weave fibers, sur-
rounds each one of the transversely sectioned myocytes that does 
not stain with the silver impregnation method (Hortega silver stain 
x 4(0). 
were often obscured III regions of interstitial fibrosis or 
weave increase. 
Perimysial coils. These coils were increased in thickness 
and branching in many areas on subjective evaluation. Such 
thickening has been observed in other hypertrophied hearts 
and is therefore nonspecific. However, the organizational 
pattern of the coils in discrete areas of muscle was unique. 
Coils normally run parallel to muscle fibers with their 
springlike configuration organized in the direction of myo-
cyte shortening. In the hypertrophic cardiomyopathy speci-
mens, wound coils were identified in one direction, but 
within the same focal plane straightened coils were arrayed 
at approximately 90° (Fig. 8). These areas corresponded to 
regions of myocyte whorls, although occasional connective 
tissue whorls appeared to be independent of myocyte disor-
ganization. The coiled and straight configuration of these 
perimysial fibers is a morphologic indicator of abnormal 
muscle contraction throughout these specimens; it estab-
lishes that in multiple regions in the septum there are zones 
in which muscle is both shortening and being pulled in a 
discoordinated fashion, thus canceling out effective force 
generation. 
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Figure 5. High magnification of an area similar to that seen in Figure 
4. The unstained myocytes (M) are transversely sectioned and are 
surrounded and interconnected by increased weave fibers (lower 
arrows) and intercellular struts (upper arrow) of the matrix connec-
tive tissue. The thickness of the section (> 100 /Lm) makes some of 
the pericellular weave fibers appear out of focus (Hortega silver 
stain x 1,000). 
Discussion 
Morphology and connective tissue. Myocardial morphol-
ogy in hypertrophic cardiomyopathy has received extensive 
study over the past 3 decades, probably because of the 
striking gross and histologic abnormalities and their correla-
tion with equally striking functional changes. Among the 
more characteristic but nondiagnostic features of hyper-
trophic cardiomyopathy, pronounced myocyte hypertrophy 
and disorganization are typical of this disease, and these 
conditions have received much attention (23-25). Although 
passing reference to myocardial scarring is made in numer-
ous descriptions of hypertrophic cardiomyopathy 0-3,26), 
few investigators have focused on the marked increases in 
pathologic (e.g., trichrome-stainable) connective tissue that 
is present along with the myocyte enlargement and disorga-
nization. Furthermore, no one has investigated whether the 
connective tissue matrix, representing the nonpathologic 
support framework of the heart, is also abnormal in this 
condition. That matrix connective tissue could be causally 
related to failure of the myocardium to relax normally has 
not been commented on in prior studies. 
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Figure 6. Strutlike connecting fibers (two upper arrows) extend from 
the myocardium to the overlying endocardial fibrotic plaque (E). 
Thick interstitial scars (lower arrow) also extend from the surface 
and are interconnected with the plaque and the myocytes (Hortega 
silver stain x 150). 
This study deals with both pathologic collagen deposition 
and the interstitial matrix. It shows that left ventricular 
septal myectomy specimens, and their postmortem equiva-
lents of hearts with hypertrophic cardiomyopathy, have a 
significant increase in quantifiable collagen and matrix com-
ponents compared with other hearts including hypertrophied 
control hearts. This connective tissue, both in its absolute 
amount and its disposition throughout the myocardium, may 
contribute to or be the cause of the reduced diastolic 
compliance and relaxation abnormalities characteristic of 
this cardiomyopathy (2,3). 
Connective tissue quantitation. In 14 (78%) of 18 septal 
myectomy specimens quantitated for collagen, the amount 
of measurable collagen was significantly increased compared 
with similar measurements from hypertrophied and normal 
weight postmortem hearts. Although histologic evaluation 
showed interstitial or replacement fibrosis in essentially all 
specimens, the positive quantitative data are comparable to 
the values of 77% and 74% of operative myectomy speci-
mens with fibrosis reported by Isner et al. (5) and Tazelaar et 
al. (6), respectively. Thus, the specimens (16 surgical and 2 
postmortem) analyzed in this study are probably repre-
sentative of hearts in patients with hypertrophic cardiomy-
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Figure 7. Interstitial scars (S), composed of condensed silver-
impregnated matrix connective tissue, bind myocytes (empty spaces) 
through fine struts (thin arrows). Thus, myocytes are tethered to the 
surface plaque, to each other and to interstitial scars (Hortega silver 
stain x400). 
opathy who undergo surgical excision of septal myocardium 
to relieve their symptoms. This tissue, however, may not be 
representative of that in all patients with the disease, partic-
ularly those without significant symptoms or without outflow 
tract obstruction. 
Previous studies in which the amount of connective tissue 
in hypertrophic cardiomyopathy was morphometrically as-
sessed, and determined to represent as much as 19% of the 
myocardium (8), are not directly comparable with the 
present report. The technique we used (20) is equivalent to 
quantitating the actual collagen content of the tissue by 
measuring hydroxyproline relative to noncollagen protein. 
The staining of collagen with Sirius red F3BA and noncol-
lagen protein with fast green FCF, when both dyes are 
dissolved in aqueous saturated picric acid, provides a pre-
cise micromethod for quantitative analysis that can be used 
in formalin-fixed and paraffin-embedded sections. The valid-
ity of the method relative to hydroxyproline analysis was 
demonstrated for mUltiple tissues, including heart, in the 
original study (20). The method has the advantage of using 
the same sections evaluated histologically and, in the present 
case, the same tissues prepared for demonstrating matrix 
components. 
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Figure 8. A connective tissue whorl corresponding to myocyte 
disarray. Perimysial coils running vertically in this field show typical 
springlike configurations. They are associated with and focally 
attached to a group of horizontal coils that are stretched and 
straightened. In this region, the connective tissue appearance indi-
cates that force development must be abnormal (Hortega silver stain 
X400). 
The elution technique revealed a 64% to 90% increase of 
measurable collagen in the hypertrophic cardiomyopathy 
specimens compared with either the hypertrophic or normal 
control hearts, respectively. As noted previously, the nor-
mal control hearts may not have been functionally normal, 
but they were separated from the hypertrophied group 
because they weighed <400 g. Thus, both the hypertrophied 
and normal hearts may have an increased collagen content 
compared with that in a truly normal myocardium, making 
the changes in the hypertrophic cardiomyopathy specimens 
even more remarkable. The differences do not appear to be 
accounted for by age or gender because of the comparability 
of the cardiomyopathy and control groups for these two 
variables. 
Structure-function relations. Connective tissue alter-
ations in hypertrophy and cardiomyopathy may play an 
important role in relaxation abnormalities in patients with 
heart failure (27). The connective tissue content of the 
myocardium from the ventricular septum of hearts with 
hypertrophic cardiomyopathy, representing almost a dou-
bling of that measured from hearts weighing >400 g, may be 
the major cause of the relaxation abnormalities and de-
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creased ventricular compliance recognized clinically. Al-
though the elution method also measured the collagen con-
tent of the endocardial contact plaque, possibly accounting 
for some of the increase in these specimens, the endocardial 
fibrosis represented <5% of the total area of the tissue 
sections quantitated, as determined morphometrically. Fur-
thermore, as we demonstrated in the matrix studies, the 
endocardial fibrosis also contributes to the underlying teth-
ering of the myocardium by attachment of matrix fibers to 
the surface plaque lesion. 
Although increases in the connective tissue matrix have 
been described in hypertrophied hearts (9-11), no previous 
studies, to our knowledge, have undertaken to evaluate the 
matrix in hypertrophic cardiomyopathy. Normally, the ma-
trix, composed mainly of intercellular struts, pericellular 
weaves and interstitial coils 02-14), exists as a relatively 
delicate network of connective tissue that maintains myo-
cardial structure and contributes to normal ventricular func-
tion (15,16). It is difficult to extrapolate from structure to 
function, but the alterations of the matrix demonstrated in 
the present study are probably a major cause of or a 
contributor to diastolic dysfunction in hypertrophic cardio-
myopathy. In particular, the demonstration of thick pericel-
lular weaves encasing individual myocytes may limit lateral 
and longitudinal excursion of the cells. Strutlike attachments 
of myocytes to replacement and interstitial scars, and to the 
fibrous endocardial plaque, may serve to tether myocytes to 
noncontractile tissue. Condensation of matrix fibers. nor-
mally connected to myofibers, in regions of pathologic 
scarring may also limit myocyte movement, particularly 
when tissue has to stretch during diastolic relaxation. 
The disorganization of the perimysial coils, associated 
with myocyte disorganization as well as occurring indepen-
dently, is a morphologic demonstration of dysfunctional 
contraction and possibly relaxation in hypertrophic cardio-
myopathy. The presence of intimately associated coils inter-
connected with myocytes, in both a coiled and abnormally 
stretched configuration, is evidence that no effective con-
tractile force could be generated from these regions. It 
appears to be a logical conclusion that the myocytes within 
whorls would cancel each other out; the stretched and coiled 
fibers, also organized into a whorl, provide additional evi-
dence for this conclusion. 
Potential study limitations. The tissue available or chosen 
for analysis was relatively small, and was taken from a 
specific area in the ventricle. We cannot be certain whether 
the quantitative and qualitative abnormalities of collagen in 
these tissues are representative of the heart as a whole. On 
the basis of the morphometric determination that the en-
docardial contact plaque represented <5% of the septal 
muscle used in these studies, we can be certain that the 
results were not abnormally skewed by this component. 
However, we do not know whether the ventricular septum 
contacted by the anterior mitral valve leaflet develops in-
creased scarring not present elsewhere in these hearts. Most 
of these specimens were from symptomatic patients at one 
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time point in their disease. We do not claim that these results 
can be extrapolated to less symptomatic or asymptomatic 
persons with this cardiomyopathy. Additional studies are 
needed, with specimens obtained by endomyocardial bi-
opsy, surgical resection or autopsy, of patients at different 
stages of this disease. 
Conclusions. This study has demonstrated markedly in-
creased quantifiable collagen and strikingly increased and 
disorganized matrix connective tissue in the left ventricular 
septum of hearts with hypertrophic cardiomyopathy. The 
described quantitative and qualitative abnormalities of con-
nective tissue may explain the increased chamber stiffness 
and poor relaxation characteristic of this disease. 
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